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The Simons Observatory instruments and technology 
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 m

6 m crossed Dragone coupled to 
13 optics tubes, 

Baseline is 7 tubes for SO, with 
dichroic pixels:
• One tube: 30/40 GHz
• Four tubes:  90/150 GHz
• Two tubes: 220/270 GHz

Large Aperture Telescope
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Small Aperture Telescopes

Three refractors 42 cm in diameter, 
rotating half-wave plate. 
Dichroic pixels:
30/40 | 90/150 | 220/270 GHz

5m

14	m



Simons Observatory Layout 



Anticipated Sky Coverage

effective	fsky ~	10%

effective	fsky ~	40%

maximal overlap w/
LSST, large overlap
w/	DESI

for	SO	noise	and
coverage,	dedicated
delensing survey
not	required



Anticipated Noise Performance



SO SAT Science: Primordial Tensor Modes

SAT	BB	forecasting	based	on	full-sky	simulated	maps	(PySM)	w/	multiple	sets	of	realistic	
foregrounds

Sky	models	are	combined	with	SO	SAT	noise	model,	then	coupled	to	several	foreground	
mitigation	schemes	(cross-spectrum	analysis,	xForecast,	BFoRe,	harmonic-space	ILC)	to	
infer	r

BFoRe	(r=0)



SO LAT Science: Neutrino Masses

σ(ΣMν)	=	0.04	eV 0.02	eV	w/	CV-limited	τ

Constraints	derived	from	CMB	lensing	power	spectrum	(+DESI	BAO),	tSZ	cluster	counts	(+LSST	WL),	
and	tSZ	power	spectrum	(+DESI	BAO)



SO LAT Science: Light Relics

SO can detect any particle
with spin that decoupled
after the start of the QCD
phase	transition	(at	2σ)

Forecasts are strongly
robust to foregrounds
(driven	by	TE	+	EE)

Other damping tail science:
- BBN	(Yp)
- H0 improvement	(~2x)
- Dark	matter	interactions
- Ultra-light axions
- and	more

σ(Neff)	=	0.07
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The Simons Observatory Large Aperture 
telescope 

• 6-meter telescope developed in 
collaboration with CCAT and built 
by Vertex

• 2-mirror design with a side-
looking camera.

• The camera rotates with the 
elevation axis, and has a separate 
camera-boresite rotation. 

• The back of the camera can be 
accessed while installed on the 
telescope.

• The telescope is capable of 
coupling to more than 100,000 
detectors
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3 PT420 coolers 
➡ 165 watts of cooling at 40 K
➡ 6 watts of cooling at 4 K

Dilution Refrigerator
➡17 mW at 1K
➡500 uW at 100 mK

• 1200 kg cooled to 4K
• 200 kg cooled to 100 mK

total weight ~ 5000kg (!) 
when populated with 13 tubes

Under contract for 
Telescope, have 
multiple vendor 
quotes for receiver



The Simons Observatory Small Aperture Camera

14

• 42 cm aperture size, 35 degree FoV
• 40,000 detectors for SO
• continuously rotating HWP
• Ground screen 4.9 m high, 16

meters in  diameter



SO	Instrument	Progress	2019
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Large	Aperture	Telescope	Receiver	(LATR)
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2017 2018 2019



Large-Aperture	Telescope
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2017 2018 2019
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2017 2018 2019

Small	Aperture	Telescope	(SAT)



Small	Aperture	Telescope	Platform	(SATP)
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2017 2018 2019



Universal	Focal	Plane	Module	(UFM)
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2017 2018 2019



Simons Observatory Outlook



European	Context

• Simons	Observatory	in	construction
• By	mid	2021:	First	light	for	SAT#1
• By	early	2023:	Construction	complete

• European	collaborators	playing	essential	role
• Proposals	to	extend	hardware	role	(e.g.	Michael	Brown’s	talk	next)
• Further	collaborative	ideas	very	welcome!

• SO	and	CMB-S4	cooperation
• Large	team	overlap	and	strong	contributions	to	CMB-S4	reference	design
• Technical	Sharing	from	SO	to	CMB-S4
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Backup



redshift+1

Simons Observatory Science Goals and Probes

primordial 
fluctuations

large scale B-modes
➔ tensor-to-scalar ratio 
(BB)
damping tail
➔ primordial power on small 
scales (TE, TT, EE)
➔ primordial bispectrum (fNL
via TTT,TTE,… + lens/kSZ)

relativistic 
species

damping tail
➔ Neff (TE, TT, EE)

reionization
sources
➔ duration of 
reionization (kSZ)
➔ mean free path 
of photons (kSZ)

dark energy

tSZ, lensing
➔ σ8 at z=2-3 
(lensing, tSZ)
➔ growth of 

structure (kSZ)

neutrino 
mass

lensing
potential
(TT+EB), tSZ
➔ Σmν

Additional science includes (but is not limited to):
• helium fraction, cosmic birefringence, primordial magnetic fields
• high-redshift clusters
• dark matter annihilation and interactions
• isocurvature
• calibration of multiplicative shear bias (e.g., for LSST)
• new sample of dusty star-forming galaxies
• transient sources
• cosmic infrared background

galaxy 
evolution

tSZ, kSZ
➔ non-thermal pressure 

(tSZ+kSZ) 
➔ feedback efficiency 

(tSZ+kSZ)
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